(5). These structures were elucidated by extensive spectroscopic methods. Furthermore, the absolute configurations of the amino acid residues were determined using Marfey's method. Compound 1 displayed weak antifungal activity against Aspergillus niger.
Marine microorganisms have attracted considerable attention as some of the most important resources for new biologically active metabolites. 1) Recently, a number of diketopiperazine derivatives were obtained from various microorganisms.
2) Many of these constituents exhibit interesting biological activities, e.g., antitumor, 3) antiviral, 4) antifungal, 5) antibacterial 6) activities. We are studying the bioactive compounds of marine microorganisms that live in the Nagasaki coast. Recently, as part of our research, it was observed that the extract of the culture of Bacillus sp., derived from digestive tract of sea urchin (Anthocidaris crassispina), showed antimicrobial activity against Aspergillus niger. So, we have researched the active constitutes of the bacterium. As a result, two new diketopiperazine derivatives bacillusamides A (1) and B (2) have been isolated along with known compounds 3, 7) 4, 8) and 5. 9) In this paper, we will describe the isolation, structure elucidation and biological activities of these compounds. The marine bacterium Bacillus sp. was obtained from the digestive tract of the sea urchin, Anthocidaris crassispina, collected in the Nagasaki shitsu coast of Japan in 2007. The strain was cultured at 24°C on a rotary shaker using a seawater-based medium. The fermentation broth (30 l) was successively partitioned with EtOAc. The broth extracted with 30 l of EtOAc in three times to yield 15.2 g of brown oily extract. The EtOAc extract was then subjected to Sephadex LH-20, silica gel column chromatography and octa decyl silyl (ODS) column chromatography, followed by reverse phase (RP)-HPLC to yield diketopiperazine derivatives, bacillusamides A (1) and B (2), along with known compounds 3-5. Structures of these compounds were elucidated by using extensive spectroscopic methods.
Bacillusamide A (1) was obtained as a white amorphous powder, and its molecular formula was assigned as C 10 4Ј , and NH-Me. The heteronuclear multiple bond correlations (HMBC) of H-5 to C-2, H-2 to C-1, H-3 to C-1, H-4Ј to N-Me, and N-Me to C-4Ј were observed. Moreover HMBC correlation of H-3Ј to C-1Ј was also observed. These data defined the presence of proline moiety (a) and 2-amino-4-(methylamino)-butanoic acid moiety (b) in 1 (Fig.  2) . The connectivity of these two moieties were revealed by the HMBC correlation of H-5 to C-1Ј and NH to C-2. The relative stereochemistry of 1 was determined by the nuclear Overhauser enhancement spectroscopy (NOESY) spectrum. Namely, a nuclear Overhauser effect (NOE) correlation between H-2 with H-2Ј suggested that the two protons had same orientation as the diketopiperazine ring system, thereby forming a boat conformation (Fig. 3) . The absolute configuration of 1 was defined by acid hydrolysis and Marfey's method, 10) using standard amino acids ( Table 2 ). The absolute configurations of the proline residue was determined as L-form. Thus, the absolute configuration was defined as 2S, 2ЈS.
Bacillusamide B (2) was obtained as a light yellow amorphous powder. The molecular formula of 2 was assigned as C 10 Table 1) . These data showed the presence of two amide groups, and thus, 2 was found to have a bicyclic skeleton in the same manner as 1. Detailed analyses of the 2D NMR spectral data such as heteronuclear single quantum coherence (HSQC), COSY and HMBC spectra showed the presence of two partial structures including 2-hydroxy-proline moiety (a) and valine moiety (b) (Fig. 4) . Furthermore, the connectivity of these partial structure were revealed by the HMBC correlations from H-5 to C-1Ј and from H-2Ј to C-1. The relative stereochemistry of C-2 and C-2Ј of compound 2 was confirmed on the basis of comparing the 13 C-NMR data of 2 with those of the known compound, notoamide M. [11] [12] [13] Because the chemical shifts of C-1, C-2, C-3, C-4, C5, C-1Ј and C-2Ј of 2 showed the same data with those of notoamide M, the relative stereochemistry of C-2 and C-2Ј on 2 was determined as shown in Fig. 1 .
The absolute configuration of 2 was also, in the same manner as 1, elucidated based on acid hydrolysis and Marfey's method, using standard amino acids ( Table 2 ). The absolute configurations of the valine residue was determined as Dform. Thus, the absolute configuration was defined as 2R, 2ЈR.
The anti-microbial activities of compounds 1-5 were tested for the growth inhibition of 8 microbes with the paper disk method.
14) The growth inhibition was studied in a concentration of 125 mg/disk. As a result, compound 1 exhibited weak inhibition activity against Aspergillus niger, and compounds 4 and 5 exhibited moderate inhibition activity against Aspergillus niger. Compounds 2 and 3 did not show anti-microbial activity.
Experimental
General IR spectra were obtained with JASCO FT/IR-410 spectrophotometers. Optical rotations were measured with a JASCO DIP-370 digital polarimeter.
1 H-and 13 C-NMR, 1 H-1 H COSY, NOESY, HSQC and HMBC spectra were recorded with a Unity plus 500 spectrometer (Varian Inc., U.S.A.) operating at 500 MHz for 1 H, and 125 MHz for 13 C, respectively. FAB-MS were recorded on a JMS DX-303 spectrometer (JEOL Ltd., Japan), and m-nitrobenzyl alcohol or Magic bullet used as a matrix. Preparative HPLC was performed on a Develosil C-30-UG-5 (250ϫ4.6 mm i.d., Nomura Chemical Co., Aichi, Japan), at a flow rate of 1.0 ml/min, equipped with a JASCO RID-300 detector and a JASCO BIP-I HPLC pump.
Bacterial Material and Fermentation The marine Bacillus sp. (strain number p-0707-517) was isolated from the digestive tract of sea urchin, Anthocidaris crassispina, collected in the Nagasaki Shitsu coast of Japan in 2007. The subcultures of the bacterium are deposited at the Garden for Medicinal Plants, Graduate School of Biomedical Sciences Nagasaki University. The bacterium was grown in a seawater medium (D-glucose 1%; polypeptone 0.5%; yeast extract 0.3%; KH 2 PO 4 0.3%; MgSO 4 0.1%; pH 7.5) rotaryshaking at 120 rpm for 21 d at 24°C . The culture broth (30 l) was sonicated followed by filtration.
Extraction and Isolation The filtered broth was extracted with EtOAc (10 lϫ3). EtOAc extract concentrated under reduced pressure to dryness. The dried residue (15.2 g) was subjected to Sephadex LH-20 (CHCl 3 -MeOHϭ5 : 5) to yield 4 fractions (fractions 1-4). The third fraction was chromatographed on silica gel using a n-hexane-acetone (from 8 : 2 to 5 : 5) followed by CHCl 3 -MeOH-H 2 O (from 95 : 5 : 0 to 5 : 5 : 1) to yield 8 fractions. Fraction 4 of the eight fractions (145.3 mg) was subjected to reversed phase HPLC (5% MeOH-H 2 O) to give 3 (t R ϭ21.2 min, 1.3 mg). Fraction 6 of the eight fractions (612.7 mg) was chromatographed on ODS using 20% MeOH-H 2 O as the eluent to give followed by a subject on a reversed phase HPLC (40% MeOH-H 2 O) to give the mixture of 1 and 2, 4 (t R ϭ4.1 min, 37.0 mg), and 5 (t R ϭ4.9 min, 9.9 mg). The mixture of 1 and 2 was subjected to reversed phase HPLC (5% MeOH-H 2 O) to give 1 (t R ϭ19.6 min, 1.3 mg) and 2 (t R ϭ21.2 min, 4.0 mg). Determination of Amino Acids Configuration A sample of 1 or 2 (100 mg) was hydrolyzed in 6 N HCl (100 ml) at 110°C for 12 h. After concentration to dryness, the residue was dissolved in 25 ml of H 2 O and 20 mg of N a -(5-fluoro-2,4-dinitrophenyl)-L-leucinamide (FDLA) in acetone (50 ml) and 10 ml of 1 M NaHCO 3 aq. were added. The mixture was heated at 37°C for 1 h. and 10 ml of 1 N HCl was added. The solution was diluted ten times with CH 3 CN followed by analyses by HPLC. The conditions for HPLC analyses and the retention times for standard and hydrolysate FDLA derivatives are provided in Table 2 .
Antibiotic Activity Assay Activities of the Compounds 1-5 were tested by the paper disk method against Aspergillus niger, Penicillium crustosum, Schizophyllum commune, Trichophyton concentricum, Saccharomyces cerevisae, Bacillus subtilis subsp. subtilis, Serratia marcescens subsp. marcescens, Staphylococcus aureus subsp. aureus with 125 mg/disk. As a result, compound 1 slightly showed an inhibition circle against Aspergillus niger, and compounds 4 and 5 exhibited a weak inhibition circle against Aspergillus niger.
